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John Swanson

• B.S. Biological Conservation
• 12 years laboratory experience

Analysis, Quality Assurance, Project Management, 
Client Services

• 5 years consulting experience
Project Chemistry, Remedial Investigation, 
Groundwater Monitoring, QAPPs, SAPs, Reports, 
Research

• Currently: Environmental Scientist,
RWQCB
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Today’s Presentation

To Understand the Complexity 
of Detection Limit Terminology 

and the Factors That Affect 
Analytical Sensitivity
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Presentation Objectives

• Discuss the nature of chemical 
measurements

• Discuss analytical sensitivity and 
limitations

• Describe detection limit terms and 
techniques

• Discuss factors that affect sensitivity
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Major Concepts
• Chemicals are all around us
• The amount of a chemical determines 

if it is a cause for concern
• There are issues of magnitude or scale
• There are limits to analytical 

sensitivity
EPA MCL for Xylene is 10,000 ug/L, 
for 2,3,7,8-TCDD it is 0.00003 ug/L
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Detection Limits
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Chemical Analysis

• Establishes the amount of a chemical 
parameter in a matrix.

• Amount of chemical parameter / 
amount of matrix  = Concentration

• Common units:  mg/L, ug/L, mg/kg, 
ug/kg, ng/kg, ppm, ppb, ppt, %
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- “Nutri-clean” certified produce
- No detected pesticide residues “at all”
- “Detected” is the key word
- No supermarket or laboratory can prove 

that their produce contains “zero”
pesticide residue

- There are limits to what we can “see” or 
analyze with chemical instruments

Chemical Concentration Must Be 
Considered a “Continuum”
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Chemical Concentration Must Be 
Considered a “Continuum”

• At 1 ppb, 20 mL water would contain 
10 trillion atoms of lead

• MDL = about 1 µg/l =  
1 atom lead /1012 molecules of water

• MCL for Lead = 15 µg/l (ppb)

• Drinking 1 thousand liters of water at
1 ug/L of lead, you would ingest 1 mg
of lead.
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Limits to Analytical Sensitivity:
Terms

• Detection Limit

• Quantitation Limit

• Reporting Limit
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•Detection Limit
•Method Detection Limit (MDL)

•Defined in 40 CFR, Part 136, App B
•Instrument Detection Limit (IDL)

•Defined by CLP – Metals only
•Sample Detection Limit

Detection Limits Terms

12

• Quantitation Limit
• Practical Quantitation Limit (PQL)

Quantitation Limit Terms
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Other Limit Terms

• Contract-required detection limit (CRDL)
• Contract-required quantitation limit (CRQL)
• Limit of Detection (LOD)
• Limit of Quantitation (LOQ)
• Estimated Detection Limit
• Project Required Reporting Limit
• Measurement Reporting Limit (MRL)
• Estimated Maximum Possible Concentration

(EMPC)
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MDLs

• Are not quantitative
• Are theoretical 

estimates
• Change over time
• Are instrument, lab, 

method, matrix 
specific

• Are more likely to be 
affected by matrix 
interference or blank 
contamination

• May not represent 
the true sensitivity of 
the instrument 
allowing for false 
positives or 
negatives.
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Limits
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Calibration
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MDL Study
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Example MDL Study
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Example Report
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Example Chromatogram
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Factors Affecting Sensitivity

• Method
• Equipment and Reagents
• Matrix interference
• Contamination
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Factors Affecting Sensitivity

• Method Selection

- What’s available, approved, accredited, 
practical

- SW846, Drinking water, Waste water, 
Experimental, modified or performance-based
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Factors Affecting Sensitivity

More advanced methods can be 
cost-prohibitive….or not.

Method 200.7 or 6010B,  Se MDL = 1-3 µg/l
Method 200.8 or 6020, Se MDL = 0.1-0.2 µg/l
Cost is about $20 for single, $150 for suite

Method 8081A, DDT MDL = 1 ng/L  $200
Instrument = $60-100K Standards = $100’s

Method 1668,  DDT MDL = 0.001 ng/L  $800
Instrument = $1,000,000  Standards = $1,000’s
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Factors Affecting Sensitivity

• Equipment and Reagents
- Can add background noise,     
variability
- Have greater impact on lower 
MDLs, and more sensitive methods

• Matrix Interference
- Can add background noise, or 
mask signal



John Swanson, Monitoring and Assessment Unit
Central Valley Water Board Irrigated Lands Program
(916) 464-4849

August 16, 2005

9

25

Matrix Interference
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Blank Contamination

630 ppb15 ppbResult

5 ppb2 ppbND 13 ppb2 ppbResult

SA 4

MB

SA 5Sample

SA 3SA 2SA 1FBSample

MDL = 1 ppb, PQL = 4 ppb, Action level = 3 ppb
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One More Example

Chlorpyrifos
Reg. Limits:  Freshwater Aq. Life Protect. = 0.014 µg/l
Cerio LC50 = about 0.08    USEPA IRIS Ref dose 2.1
Lab MDLs:  8141 = 0.08, 0.02, 0.005;  GCMS - ?? 
Sol:  1300 µg/l Half life:  months

DDT
Reg Limits: Freshwater Aq. Life Protect. = 0.001 µg/l 
USEPA IRIS Ref dose 3.5;  Cal Toxics Rule:  0.00059
Lab MDLs 8081 0.01, 0.001;  1668 0.00001 ($$)
Sol:  3 µg/l Half life:  decades


